The Social Relations Model is well-known for analyses of interpersonal attraction. As a novelty in this paper, the model is applied to assess different effects on likability ratings from speech only. A group of 30 unacquainted participants is considered in our experiment. Their voices were recorded and transmitted through communication channels, and ratings of speech likability and speaker personality were then collected from the same individuals following a round-robin approach. This setup enabled us to detect the influence of participants' personality and of narrowband and wideband speech on the sources of variance according to the Social Relations Model. An analysis of acoustic correlates of speech likability has also been conducted, which shows differences in the relevance of speech features and in the description of likability ratings depending on the speech bandwidth.
Introduction
Previous research has shown that individuals' social characteristics such as likability and personality can be detected from the speech signal. Personality has been defined in [1] as "a psychological construct aimed at explaining the wide variety of human behaviors in terms of a few, stable and measurable individual characteristics", and voice likability-or voice pleasantnessis regarded as the question of "how much we like a speaker based on the sound of her/his voice and manner of speaking" [2] . Despite having applied advanced feature extraction and machine learning techniques for the automatic detection of these two social characteristics, only a modest accuracy of 60-70% has been reached on the binary classification task [3] . This highlights the need of further research establishing relationships between human perceptions and speech features, which should lead to machines reaching the human performance in the recognition of speaker characteristics.
In order to delve deeper into human perceptions of speaker likability and personality, this paper presents a round-robin experimental design. This design, based on the Social Relations Model (SRM) [4] , consists on a group of persons (at least four participants are required) who mutually rate each another in terms of interpersonal perceptions. In our work, we employ the SRM as a statistical approach to analyze mutual perceptions of speaker likability and personality. The interpersonal ratings can then be decomposed into three independent sources of variance: (a) perceiver variance, which accounts for the variability of ratings introduced by the raters or annotators, (b) target variance, accounting for the variability of the given ratings within the persons being rated, and (c) relationship variance, that is, the variance in the person's behavior toward another individual in particular, considering all participants pairs. By applying this approach, personality ratings at hand can be used to explain specific likability variance components. These are typically discarded by averaging, as current research in paralinguistics focuses on target variance only.
The SRM has already been used to study liking for unacquainted people [5] , yet not taking speech characteristics into account. As a recent exception, a SRM analysis to investigate the effect of personality on interpersonal attraction considered audio-visual impressions subjectively rated by external annotators [6] . The authors collected 73 x 72 interpersonal judgments of likability in their round-robin design. Among other results, the study revealed that extroverted persons and persons with strong, non-nervous, gender typical, and friendly voices were more liked. The present study has a similar aim, yet only speech material (no video) is collected and then presented to the group of participants for labeling. Our round-robin design involves 30 participants, thus yielding 30 x 29 interpersonal perceptions of likability and of personality from voice only. We then examine the personality characteristics of perceivers and targets which determine the SRM sources of variance. Only zero acquaintance scenarios are considered.
So far, no study has reported the use of the SRM for speechbased interpersonal relations, to the best of our knowledge. Other investigations of speech likability and personality perceptions have recruited external annotators, not found within the speakers, who provided their ratings on a given scale [2, 7, 8, 9] . Based on these ratings, previous studies analyzed different correlations between perceptions and acoustic parameters. In [10] , male speakers with low F0 and female speakers with energy spread over the spectrum and lower 3rd central moment were perceived as more likable, as well as speakers with higher articulation rate and lower spectral center of gravity. A number of investigations have reported that low F0 results in more pleasant and attractive voices [11, 12] . Also, increased F0 dynamics and fluency correlated positively with the impressions of good speakers in [13] . Pronunciation also plays an important role in voice likability. Listeners seem to prefer to hear voices with their own accent [14] or with no accent [15] .
The second focus of the present work is the study of the effect of communication channel bandwidth on the SRM sources of variance. Commonly, we unintentionally try to compile a picture of our interlocutors over the phone from their voice characteristics, which may determine our decisions and attitudes toward the speakers. Notwithstanding the current rapid deployment of digital communications, the influence of different telephone transmissions on voice likability perceptions has been overlooked. The parameters of the communication channels in telephone datasets have been treated as a "black box" and no comparison between different transmission conditions has been found to be published.
While narrowband (NB, 300-3,400 Hz) is still predominant in most of today's communication networks, efforts have been made towards motivating the transition to an extended frequency band, namely wideband (WB, 50-7,000 Hz). Benefits of WB over NB channels have been shown for speech quality perception [16] , human and automatic speaker recognition [17] , intelligibility [17] , and speech recognition [18] . This paper includes a preliminary analysis of acoustic correlates of likability from NB and from WB voices, which seems to indicate an advantage of the extended channel bandwidth for the description of speech likability ratings.
Round-robin design
A group of 30 persons (15f, 15m) with a mean age of 27.2 years (range: 20-34) and German as mother tongue participated in our round-robin experiment. As a requisite for our study, we only recruited speakers of standard High German dialect, from whom no marked accent could be perceived by another native German speaker. These 30 persons were invited on two separated days with an interval of approximately two weeks: first to a recording session and then to perform a listening test in which to rate the likability and personality of each other participant from their voice. Except for two people who were a couple (1f, 1m), the rest of participants indicated not to be acquainted with the other test persons and they never saw each another. Each of the sessions took one hour to complete. They were compensated for their participation.
Speech data collection
The recording session was divided into two parts. In the first part, the participants were asked to read words, digits, sentences, and turns from four different dialogs. The dialogs simulated telephone calls held with a female German speaker who assisted the recordings, and always played the role of a contact person or agent. The recorded speech, from the client's side, included different inquiries about some information: to a health insurance company, a mobile telecommunications company, a car rental company, and a real estate agency, for each dialog, respectively. The speakers were asked to read the exact given text as naturally as possible, yet without emotions or exaggerated friendliness.
While the first recording part comprised prescribed texts, spontaneous speech was elicited in the second part. The participants were asked to silently read a short story (of 17 sentences) and to utter a 30-second summary of its content. Afterwards, four spontaneous telephone dialogs were held: renting a car, ordering a pizza, ordering a book from the library, and making an appointment at the doctor's. These dialogs follow the scenarios known as Short Conversation Tests, found in the International Telecommunication Union (ITU)-T Rec. P.805. Again, the participants played the client's role and the recording assistant the agent's role. A summary of the recorded speech contents is given in Table 1 .
The speech was recorded employing the RME Fireface UCX Audio Interface with 48 kHz sampling frequency and 32-bit quantization and using the software Cubase 4. The microphone used was AKG C 414B-XLS (frequency range 20-20,000 Hz) and was mounted on a boom stand in an acoustically-isolated room (Dimensions: 2.75 m x 2.53 m x 2.10 m, RT60 = 0.08 s at 2 kHz). 
Preparation of the speech stimuli
Excerpts were extracted from the described high-quality recordings and prepared for the listening test, which involved two sections. In the first section, listeners rated speaker likability by listening to speech transmitted through a NB or a WB channel. The same fixed sentence was selected from all speakers: "Ich würde auf die SMS gern verzichten und meine Frei-Minuten dafür erhöhen" (In English: "I would like to give up the SMS and increase my free minutes in return"). This segment was extracted from the dialog with the telecommunications company, in which all speakers uttered the same text. The sentences had a mean duration of 4.4 s and a standard deviation of 0.3 s.
These excerpts were transmitted through a NB and a WB communication channel. The speech was first level-equalized 26 dB below the overload of the digital system (-26 dBov) by applying the ITU-T Rec. P.56. Afterwards, they were bandwidth-filtered complying with the ITU-T G.712 and P.341 for NB and WB, respectively. The coding-decoding processes G.711 at 64 kbit/s for NB and G.722 at 64 kbit/s for WB were then applied using standard ITU tools for transmission channel simulation. This resulted in 60 versions of the same sentence (30 speakers and two channel conditions).
In the second section of the listening test, differently, the participants rated speaker likability and personality by listening to the spontaneous dialog in which the speakers ordered a pizza. The agent's speech was removed (there was never an overlap) and silences of 0.7 s duration were inserted between turns. Part of the dialog in which contact details were exchanged was also removed. The final mean duration of the dialog turns, including silences, was 19.5 s with standard deviation of 4.3 s. These signals were downsampled to 44.1 kHz via an anti-aliasing lowpass FIR filter and leveled to -26 dBov. No further processing was applied.
Listening test
The audio stimuli described in the previous subsection were presented to the participants in the listening test. Importantly, they did not listen to their own voice. Hence, they rated the 29 other participants (14 persons of the same gender and 15 persons of the opposite gender).
Before the listening test started, the participants completed the BFI-10 questionnaire referring to their own personality. Then, in the first part of the listening test, the NB and the WB sentence stimuli were presented to the participants in random order. They were asked to rate the voice likability after listening to each stimulus, and they could only listen to it once. The male voices were first presented, followed by the set of female voices. In total, 58 stimuli were presented in this part, corresponding to 29 speakers and two channel conditions. The listeners hence rated the same speaker's sentence twice (in NB and in WB), yet they were not informed that the same voices would appear twice, or that different telephone qualities were included within the audio stimuli. In the second part of the listening test, the spontaneous dialog turns corresponding to the 29 other speakers were presented, also randomly and separated into male and female sets. The participants were asked to rate the voice likability and each question of the Big-Five inventory of 10 items (BFI-10) [19] referring to the speaker's personality. In this second section, they could listen to each stimulus as many times as they wished.
All stimuli were rated in terms of likability by clicking on a slider with the antonyms "sympathisch" and "unsympathisch" (in English: "likable" and "non-likable") at its ends. For the personality assessments, sliders with the labels "trifft berhaupt nicht zu" and "trifft voll und ganz zu" (in English: "disagree strongly" and "agree strongly") were employed to rate every BFI-10 questionnaire item. No pre-defined indicator, marks, numeric values or other labels was shown on the sliders.
For the whole test, the listeners were instructed not to consider the stimuli content or the quality of the recordings. Instead, they were asked to base their answers on the sound of the voice heard and manner of speaking. Short pauses were inserted every 15 minutes, approximately, in order to avoid listeners' fatigue and loss of focus. The test was administered in a quiet office room using a laptop with a standard sound card and the closed headphones AKG K601 (frequency response 12-39,500 Hz) with diotic listening.
Results
The conducted analyses and respective findings are reported in the next three subsections. First, the effects of the participants' personality traits on the three SRM sources of variance of the likability perceptions (perceiver, target and relationship variances) are investigated. Afterwards, the effects of the NB and WB communication channels on likability and on the SRM sources of variance are assessed. Finally, using the NB and WB speech, acoustic correlates of speaker likability are detected and the influence of channel bandwidth discussed.
The R package TripleR was employed for the computation of the SRM variance components [20] . The likability and personality ratings mutually given by the couple of participants who know each other (ratings of Participant 006 to Participant 015 and vice-versa) were removed in all our analyses.
Speaker personality and SRM variances
The effects of personality traits on liking were studied with data from the second part of the listening test, in which speech from the pizza dialog was employed. The SRM variance components on the likability variable are presented in Table 2 . The distribution of variance is comparable to other studies (e.g. [6] ), with a similar low amount of perceiver and target variance and a high amount of relationship variance. The perceiver effect reflects the participant's tendency to rate positively or negatively, whereas the target effect measures how likable a speaker is on average (the most common data analyzed). The remaining variance in the ratings comprises the effect of individual dyadic relationships. In the following, correlation analyses conducted separately for the three effects are presented. Correlating the Big-Five self reports with perceiver variance yields no significant result (cf. Table 3 ), although an effect of the Agreeableness trait was hypothesized. Collecting additional personality profiles on the participants from close friends might have improved the validity and reliability of the personality traits. However, such a study was not conducted and the personality attributions from the other participants cannot be considered as they do not know each other. These are, in turn, relevant for the target effects.
Target effects: "Does attributed personality affect likability ratings?"
The ratings of the Big-Five traits (z-normalized for better comparability) were correlated with target variance (cf. Table 3 ). Two effects have been found. Assumed extrovert and agreeable speakers are rated more positively. This is a well known effect for acquainted people [21, 22] . However, for unacquainted people, the study in [6] reports only a positive effect of Extroversion on target effects, whereas Agreeableness was not correlated. Still, there is sufficient evidence suggesting a positive effect of perceived benevolence on liking and social attractiveness for the acoustic domain and unacquainted people, e.g. [23] .
Relationship effects:
The remaining variance after controlling for target and perceiver
Specifically, considering a pair of participants A-B, the relationship variance accounts for the extent to which A likes B controlling for A's general tendency toward liking others and B's general tendency to be liked by others. According to the attraction theory [24] , the most prominent factors to explain individual relationships are similarity, reciprocal likability, and proximity. Reciprocal likability, however, cannot be analyzed for relationship variance with our data because the participants never interacted. Therefore, any signal of liking, interest, or agreeableness would only affect the target variance. This might partly explain our correlation of Agreeableness-target variance. Also, with unacquainted participants recruited from a single city, only similarity remains as factor to be studied here. Similarity between each dyad was obtained as the absolute difference between a perceiver's self-rating and his/her individual rating to his/her partner for each of the Big-Five traits, mul- tiplied by −1 and z-normalized. In contrast to [6] , which did not find a similarity effect for personality but only for preferences (clothing, subculture), a significant similarity effect for Agreeableness and Neuroticism can be observed from our results (cf. Table 3 ). This indicates that pairs of individuals who are close in these two personality traits tend to like each other's voices to a greater extent, controlling by their tendencies of "being a liker" and of "being liked" by others. A plausible explanation for the dissimilarity effect for Openness is currently missing.
Effects of communication channels
The influence of NB and WB communication channels on voice likability were analyzed employing the ratings of the first part of the listening test. Considering a scale from 0 to 100, where greater numbers would represent higher perceived likability, the average rating was 45.47 and 53.30 for NB and WB speech, respectively (this is equivalent to the averaged target's effects).
A two-sample t-test shows that the WB mean is significantly higher than the NB mean; t(1718) = −7.354, p < .001, revealing listeners' predilection for WB voices.
The SRM variance components computed from the NB and WB ratings separately are presented in Table 4 . Again, a great value has been obtained for the relationship variance. Interestingly, large perceiver variance has been found with respect to the target variance in NB, while in WB both perceiver and target variance are similar. Two deductions can then be made: First, perceivers differ in "being a liker" to a greater extent in NB than in WB. This implies more variation among perceivers considering the average of their likability ratings of NB voices compared to WB. In other words, there is a wider range of positive and negative liking tendencies in NB, probably due to the perceivers' different degrees of tolerance to the NB distortion. And second, because targets differ in "being liked" more in WB than in NB, the differences between non-likable and likable voices appear to be better detected with the extended bandwidth.
Acoustic correlates of likability in NB and in WB
In order to detect correlates of target likability ratings, a small set of speech features has been considered based on previous experimentation and findings [10, 15] . The following features were extracted from the NB and WB speech using Praat [25] , and z-normalized: Intensity (median and range); fundamental frequency (F0, median and range); speech duration; harmonicto-noise ratio (HNR); center of gravity (CoG); and alpha ratio (calculated as the difference of energy in dB between the [1-5 kHz] and the [0.05-1 kHz] frequency bands).
Linear regression models have been estimated for NB and for WB data separately, using gender as a factor variable, and are presented in Table 5 . It can be observed that the WB model contains a greater number of significant predictors than the NB model, and that the regression (R 2 = .726) is closer to be significant (p = .084 as opposed to p = .742). A step-wise feature selection yielded a significant WB model whereas no significance was found for the NB regression. In the models of Table 5 , however, all predictors are included for a comparison between the two channels. The CoG and the alpha ratio are the most significant predictors of likability of male voices in WB, indicating a preference for darker voices [26] and for glottal adduction [27] . The effect of CoG is in concordance with [10] .
Conclusions
By means of a round-robin experiment, this paper has investigated effects of individuals' personality and of communication channels on speech likability assessments. Our analysis of the SRM sources of variance has shown that persons which are perceived as extroverted and agreeable are also rated with a higher likability. In addition, people similar in agreeableness and neuroticism tend to rate each other's voice likability more positively. WB voices, with respect to NB, are significantly higher rated in terms of likability on average, lead to lower variance among perceivers' rating tendencies, and allow listeners to better distinguish between non-likable and likable speech. These findings may motivate the further deployment of speech-based applications using WB-instead of NB-transmitted speech. According to our examination of acoustic correlates of likability, perceivers' ratings can be better described in WB than in NB using our reduced set of features. It remains the question of whether our results generalize to a greater set of speakers and speech features, and using more sophisticated regression methods. Such a study is left for future work. Our ongoing research aims at recording a greater number of speakers and assessing their personality and likability from speech. The high-quality recordings will permit the subsequent transmission through NB and WB channels. The intention is to gather enough data to study the effects of bandwidth and codecs on the automatic prediction of these speaker characteristics-so far, only NB datasets have been released for this task.
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